Echium rauwolfii, Echium horridum, Boraginaceae, Pyrrolizidine Alkaloids, Capillary GLC Echimidine was isolated from Echium rauwolfii and Echium horridum and identified by MS, *H-and 13C NMR as a major alkaloid. In addition, structures of 12 minor alkaloids were inferred from GLC and GLC-M S analyses: 7-angeloylretronecine, 7-tigloylretronecine, lycopsamine, 7-acetyllycopsamine, uplandicine, 7-angeloyllycopsamine, 7-tigloyllycopsamine, tigloyl isomer of echimidine, 7-angeloyl-9-(2-methylbutyryl)retronecine, 7-tigloyl-9-(2-methylbutyryl)retronecine, 7-angeloyl-9-(2,3-dihydroxybutyryl)retronecine, and 7-tigloyl-9-(2,3-dihydroxybutyryl)retronecine. Both species had similar alkaloid profiles. Alkaloid extracts exhibited antibacterial effects with a MIC of 1.7 mg/ml in E. coli. Microscopic examination of E. coli treated with different subtoxic alkaloid concentrations (1 3 -5 2 ng/ml) revealed extensive filamentation.
ported previously. We have analyzed the PA pro files of both taxa by GLC and GLC-mass spec trometry. Thirteen or 12 PAs were detected in the reduced alkaloid extract of E. horridum, and E. rauwolfii, respectively. The major alkaloid in both species, echimidine, was identified by MS, 'H -N M R, and 13C-NMR analysis. Isolated alka loid extracts were analysed for antimicrobial ac tivity.
Material and Methods

Plant materials
Plants of Echium rauwolfii and E. horridum were cultivated in the Botanical garden of the Fa culty of Pharmacy, Zagazig University, Egypt. In the flowering stage the plants were collected in April 1996. Identification of these plants was con firmed by Dr. A. El-Hadidi, Faculty of Science, Cairo University. Voucher specimen are deposited at the Herbarium of the Department of Pharma cognosy, Faculty of Pharmacy, Zagazig University.
Alkaloid extraction and identification
The dried aerial plant material (100 g) was ex tracted with 200 ml 0.5 n HC1. After defatting of the acidic extract, half of the extract was made alkaline with ammonia (pH 9) and extracted with 0939-5075/99/0500-0295 $ 06.00 © 1999 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com ■ D lizidine alkaloids (free PA bases without PA Noxides) which amounted to 0.018% and 0.008% dry weight for E. horridum and E. rauwolfii, re spectively. The other half of the acified extract was stirred with zinc dust overnight, filtered and ex tracted with 1000 ml CH2C12 to yield the total alkaloids (3ry bases plus reduced N-oxides). The difference between the total yield (after reduc tion) and the free 3ry alkaloids (before reduction) is attributed to the N-oxides. (Table I) .
GLC and GLC-MS were carried out as reported in earlier studies (El-Shazly et al., 1996a , b, 1998 .
Microorganisms for antimicrobial testing
The following microorganisms were obtained from stock cultures of the Department of Micro biology, Faculty of Pharmacy, Zagazig University. Gram negative bacteria: Escherichia coli and Kleb siella. Gram-positive bacteria: Bacillus subtilis and Staphylococcus aureus; fungi: Candida albicans and Aspergillus flavus. Antimicrobial effects were determined with the agar-diffusion test (cup test). Each cup was filled with 50 |il of 25 mg extract dissolved in 1 ml dimethylformamide (DM F) with pure DM F as a control. The plates were incubated overnight at 37 °C in case of bacteria and 30 °C for fungi. The diameter of inhibition zones was measured (in mm) using tetracycline, gramicidine, penicillin, and chloramphenicol as standard. 
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Results and Discussion
The major alkaloid of both species was isolated by preparative layer-chromatography. MS, ]H-and 13C NMR spectra for this compound 12 (Table I) were identical with those reported for echimidine (Roeder et al., 1991; Sarg et al., 1992; El-Shazly et al., 1996) .
The reduced alkaloid extracts were analysed by capillary GLC and GLC mass spectrometry. B e sides echimidine, twelve minor alkaloids were detected in E. horridum; six of which could be un equivocally identified by direct comparison of their retention indices (R I), mass spectra or au thentic material (El-Shazly et al., 1996 Witte et al., 1993) (Tables II, III) . These alkaloids were: 7-angeloylretronecine, 7-tigloylretronecine, lycopsamine, 7-acetyllycopsamine, and uplandicine. The remaining alkaloids were tentatively identified on the base of mass fragmentation as 7-angeloyl-9-(2,3-dihydroxybutyryl)retronecine, 7-tigloyl-9-(2,3-dihydroxybutyryl)retronecine, 7-tigloyllycopsamine, and tigloyl isomer of echimidine. 7-angeloyl-9-(2-methylbutyryl)retronecine and its tigloyl isomer were probably artefacts (El-Shazly et al., 1996). Alkaloid 11 (R I 2473) was identified as 7-tigloyllycopsamine because of the close similari ties of its mass spectrum with those of 7-angeloyllycopsamine (or its isomer). Stelljes et al. (1991) reported that the tigloyl esters are delayed in GLC relative to angeloyl esters. This is due to the trans configuration of the carbonyl and methyl groups of the tigloyl esters versus the cis configuration on the angeloyl esters. According to this logic com pound 11 should be the C-7 tigloyl isomer of lycopsamine.
The alkaloid profile of E. rauwolfii seems to be very similar to that of E. horridum except for the absence of lycopsamine and some quantitative variation (Tables II, III) .
Alkaloid yields before and after reduction re vealed that PA N-oxide level is nearly 10 times higher than that of the corresponding 3ry bases as found in many other plants (Hartmann and Witte, 1995) . Echimidine was the major PA in the alka loid extract of E. horridum after and before reduc tion, with 65% and 45% of total alkaloids, respec tively. Whereas echimidine dominated the alkaloid extract after reduction (42% ), 7-angeloyllycopsamine and echimidine were the major components before reduction with 29 and 25% , respectively. Our results are in agreement with a recent ex amination of other Echium species (El-Shazly et al., 1996a; 1996b) which showed that all pyrroli zidine alkaloids in Echium derive from the retronecine base. All the toxic PAs are esters of 1,2-unsaturated pyrrolizidine nucleus (necines) (Bull et al., 1968; Mattocks, 1986; Hartmann and Witte, 1995; Röder, 1995) . Although not studied in detail yet, PAs in E. horridum and E. rauwolfii are sus pected to be hepatotoxic, pneumotoxic, mutagenic and carcinogenic.
We have analyzed whether PA extract exhibit any antibacterial or antifungal activity. The anti microbial activity of the total methanolic and of alkaloid extracts was determined by the agar diffu sion method (Table IV) . The alkaloid extract of Echium rauwolfii showed significant effects on S. aureus and B. subtilis, whereas total methanolic extracts were less active.
The MIC values were defined as the lowest con centration at which no visible growth occurred. It fig/ml ) revealed extensive filamentation. At higher concentrations (8 3 0 -1 0 4 (.ig/ml) the cells appeared elongated but not as filaments. The effect may be due to inhibition of DNA synthesis, cell division, and mutations, as filamentation was observed in bacteria treated with the antibiotic ciprofloxacin (Diver and Wise, 1986) . The exact mechanism of antibacterial effects by PAs will be a challenging topic for future studies and whether the effect is caused by an individual PA (e.g., echimidine) or all PAs. Quite a number of alka loids are known which exhibit multiple allelochemical activities, ranging from effects in animals, to plants and microbes (Wink, 1993; Wink et al., 1998; Roberts and Wink, 1998) .
Structures of pyrrolizidine alkaloids in Echium horridum and E. rauwolfi. Numbering is according to Table II and III. 
